DETERMINATION OF THE AGE, IDENTIFICATION AND SEALING OF A 
PRODUCT CONTAINING VOLATILE COMPONENTS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority benefit of European Patent Application Serial No. 
03354007.1, filed January 28, 2003, titled "DETERMINATION OF THE AGE, 
IDENTIFICATION AND SEALING OF A PRODUCT CONTAINING VOLATILE 
COMPONENTS". 

• FIELD OF THE INVENTION 

[0002] The present invention relates to a method and system for determining the age of a 
product. More particularly, the present invention concerns a method and system to quantify the 
age of a product, which can be in the range between a few seconds and a few weeks or longer. 

[0003] An example of application of the present invention is the "time stamping" of goods, 
Le,, indicating the time passed, for instance, since the packaging or opening of the product. For 
example, the invention may apply for monitoring the freshness of consumable goods by 
determining the "opened age" of a package containing goods with volatile components, for 
example, a bottle of milk or wine. 

BACKGROUND OF THE INVENTION 

[0004] Currently, the available systems for determining the freshness of goods (for example, 
using a color-changing ink for marking the product) are not quantitative. They typically only 
indicate if goods are fresh or old. 

[0005] Further, systems using tags or stamps based on color-changing ink can usually not be 
located directly on consumable goods but only on packages (or in an envelope insulating the tag 
from the product) where it does not interfere with the product. 
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[0006] The present invention aims at providing a new solution for determining the age of 
goods or products. 

[0007] Another purpose of the present invention is to provide an automatic system for 
determining the age of a product from a reference instant. 

[0008] Another purpose of the present invention is to provide a system that is accurate over 
short time periods (days, hours, or even minutes). 

[0009] Another purpose of the present invention is to provide a method and system for 
marking products, objects or goods with a volatile identification code. 

[0010] Another purpose of the present invention is to provide a method and system to seal a 
package by filling it with a scent that leaks out if the package is opened. 

BRIEF SUMMARY OF THE INVENTION 

[0011] To attain these purposes and others, the present invention uses chemical sensors 
called "electronic noses" to acquire digital descriptions of the scent of the product whose age is 
to be determined. 

[0012] An electronic nose comprises at least one sensor and returns a number (measurement) 
for each sensor. Conventionally, a well-defined set of measurements produced for a given 
product constitutes the smell print (or signature) of that product. This smell print can be based 
either on inherent ingredients or on added scent markers with known scent signal characteristics, 

[0013] The invention takes benefit of the fact that the smell signature of goods containing 
suitable volatile components decays (in intensity) with time. More particularly, for consumable 
products, the decay depends on the time from which the products are in contact with air or are no 
longer confined (in a package for instance). However, a problem is that the age of a product 
cannot be determined directly from the scent strength measured with an "electronic nose." 
Indeed, the measured signal does not only depend on time but also on other external parameters 
(comprising, among others, temperature, distance between the sensor and the object, atmospheric 
pressure) for which the time variation is unknown. 
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[0014] To solve this difficulty, the invention measures at least two scent prints of the product 
under the same external conditions. Then, by forming the ratio of the two measured values, the 
contribution of external parameters can be eliminated. 

[0015] According to the present invention, the age determination is made with respect to a 
reference time. For example, for determining the opened age of a bottle of wine or a package 
containing goods, the reference scent print corresponds to a scent print measured at the instant 
the bottle or package was opened. According to another embodiment, in the case of products 
that do not interfere with the scents used for age determination purposes as long as the package is 
- closed, the reference scent is determined at the instant of packaging in a tight envelope. 

. [0016] It should be noted that the invention is not limited to "smeUing" scents, Le,, to smells 
detectable by the human nose. Indeed, electronic noses can also detect "non-smelling" scents. 

[0017] According to an exemplary embodiment, a large number (about ten) of sensors of an 
electronic nose are used not only to establish the age of a product but also to identity the product. 
Indeed, smell prints of products can also be used for identification purposes, as each product, 
goods or object with volatile components has a unique scent print. 

[0018] According to yet another exemplary embodiment, the scent print used for age 
determination purposes corresponds to a scent sprayed on the surface of the product at an initial 
time. Hence, the invention applies to products that do or do not have their own scents. 

According to this embodiment, the reference scent print can be preregistered. The sprayed scent 
preferably corresponds to a non-smelling scent. Hence, the object is marked with an "invisible" 
scent print. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The foregoing and other purposes, features, aspects and advantages of the invention 
will become apparent fi-om the following detailed description of embodiments, given by way of 
illustration, and not limitation, with reference to the accompanying drawings, among which: 

[0020] Figure 1 schematically represents a system according to an embodiment of the present 
invention; and 
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[0021] Figure 2 schematically illustrates the time response of the interpreted scent signal of a 
pair of scents according to an embodiment of the present invention. 

[0022] For clarity, only the elements and steps useful to the understanding of the invention 
have been shown in the drawings and will be disclosed hereafter. Specifically, the programming 
steps relating to the system of the invention will not be detailed, as they will readily occur to 
those skilled in the art. Further, the invention will be disclosed in connection with a specific 
embodiment applied to single volatile component scents. However, the invention apphes more 
generally to any composite scent (with a similar time dependence on the signature). 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] Due to physical evaporation (and/or chemical decomposition) of a scent, the scent 
intensity of a given (single or composite) scent follows this (experimentally confirmed) formula 
in close approximation: 

i{t,m)=hvm))e-"', (1) 

[0024] where t designates time, / designates a measure for the scent strength measured 
quantitatively with a sensor of a known electronic nose, a designates a time constant depending 
on the volatile component(s) of a scent, and rj designates an unknown function taking into 
account all external parameters ^ such as temperature, atmospheric pressure, distance to the 
object, etc., for which the evolution versus time is not necessarily known. 

[0025] Due to the unknown fimction r]{^{t)) , it is not possible to solve directly the above 
formula, even knowing the measured value at a reference instant. 

[0026] According to the invention, the scent signals are measured for at least two different 
scents (two different sensors of the electronic nose with different decay constants {a) . 
Consequently, the above formula applied to both scent signals can be expressed in the following 
maimer, where indexes 1 and 2 designate the respective scents or sensors: 

/,(/,^(0) = /7(^(0)/o,-e'"",and 
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[00271 Since the two signals are always measured simultaneously, the term r}{^(t)) is 
essentially identical in both expressions. This constitutes a close approximation provided that 
the two substances show similar absorption behavior {e,g., due to identical attachment groups of 
the molecules) and that the external parameters are kept within reasonable limits (e.g. ±20%). 

[0028] The ratio <j of the two measurement signals depends only on the time and on decay 
constants given by each sensor: 

[0029] where cTq designates a measured reference ratio at a reference time (for example, at 
the opening of a bottle or at the packaging of goods). The ratio cTq is measured at a reference 
time that defines the age zero of the product. The ratio (Tq is stored in the system for age 
determination purposes. Altematively, the ratio cTq is preregistered in the system for several age 
determinations based on the same reference time. So, knowing the reference ratio and the 
decay constants and , the age t of the product from a reference instant is determined by 
equation (3): 

t = {a,-a,y'^ln^y^, (3) 

[0030] In the above formula, absolute values are considered. The scent volatility which 
conditions the decay rate of a substance can be adjusted to the requirements (targeted time span, 
etc.) by selecting the appropriate substances for which the scents are measured. 

[0031] The constants a, and a 2 can be determined, for example during a learning step or a 
characterization step of the system, by measuring the scent intensity versus time of the 
corresponding volatile components when recorded with the sensors of the system. Time 
constants a, and are related to the half time r, of the used scents, i.e., the duration in which 
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the respective signal strengths of the corresponding sensors are divided by two, by the following 
formula: 



ln(2) 



[0032] According to another embodiment of the invention, it is possible to affect a volatile 
product identification code to a product only by spraying m(m = 2, 3*, 4, . . .) scents (or a 
composite scent containing m volatile components) on it. Given the large number n(n> 1000) 
of existing smells, there are 



{n-m)\m\ 

possible combinations (e.g. for n = 500 and m = 4 more than 2 biUion). This simple product 
identification code can also be hidden by using non-smelling agents. 

[0033] Figure 1 schematically illustrates a system according to an embodiment of the present 
invention. Such a system comprises a central processing unit 1 receiving measurement signals 
S3 and S4 from an electronic nose 2. Sensors 3 and 4 of the electronic nose are disposed above a 
sample 5 to be analysed. 

[0034] Electronic noses are known devices based on an array of chemical sensors. Each 
sensor in the sensor array responds specifically to a given chemical compound. In that way, it is 
possible to obtain a "smell print" for a given chemical compound or mixture. Conventionally, 
this signature or print is a set of digital readings or measurements corresponding to the reading 
fi"om the set of sensors. The number of sensors is usually comprised between 10 and 100, for 
example 32 or 64 depending on the desired accuracy of the identification. 

[0035] According to the present invention, only two sensors 3 and 4 are used for age 
determination. However, other sensors may still be used if the age determination is combined 
with an identification based on the scent of the product. 
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[0036] According to an exemplary embodiment of the invention, an electronic nose known 
under the commercial name "Cyranose 320", with 32 sensors, is used to obtain a set of scent 
prints. According to this exemplary embodiment, each sensor measurement is a decimal value 
with seven significant figures. 

[0037] Preferably, the system further comprises local or remote storage peripheral(s) 6 for 
containing the parameters of the system (and if required, the identification references of the 
object to be processed), a screen 7, a keyboard 8 and any other input-output peripherals adapted 
to the application. For example, the electronic nose 2 is an acquisition peripheral of a computer 
' performing the method according to the invention. 

- [0038] Alternatively, if the system is dedicated to a limited test (for example, the freshness of 
a product), its components (two sensors, the interpretation unit, the processing unit, etc.) can be 
integrated in a portable device with simplified indicators (green and red LEDs or a simplified 
display of the age) for the results. If necessary, the portable device can be equipped with a 
measuring chamber containing the sensors in order to shield the sensors from external influences. 
This measuring chamber can be realized, e.g., by an open cube with the open face (or an 
aperture) directed toward the object. 

[0039] Figure 2 (interpolation of experimental results) schematically illustrates the ratio a 
of the signal intensity of two sensors (3, 4, figure 1) of an electronic nose with respect to time. 
The reference ratio cTq corresponds to the initial value of ratio a at time 0. In this example, it 

can be seen that the age of a sample containing the corresponding two scent components (two 
commercial perfumes) can be measured up to about ICQ hours, thereafter the signal strengths are 
no longer interpretable. 

[0040] After having calculated and stored the reference ratio (on the basis of initial 

measurements), the measurement of any current ratio a of the scent data (signal strength of the 
two sensors) provides, through formula (3), the age of the product from the reference instant. 

[0041] According to a simplified embodiment (for example, in the case of a simplified 
device responsive to only two scents), the curve can be registered and the age determination 
directly obtained by comparing the current value to the curve. 
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[0042] However, in a preferred embodiment, the age is calculated by applying formula (3) to 
the measured ratio. This renders the system more versatile. Indeed, the same formula can be 
used for measuring ages on the basis of different pairs of scents. It is sufficient to change the 
two constants and (which are, in practice, registered numbers) with respect to the pairs of 
scents to which the system is responsive. The initial reference ratio cTq is then preferably 
registered during a time initialization step by the user. 

[0043J The selection of the scents to be measured for age determination depends on the kind 
of product. 

[0044] It should be noted that, even for a freshness measurement, the measured scents are not 
necessarily part of the product itself. It is also possible to mark the product at the time of 
packaging (for example, inside the package) or at the time of opening by spraying the two scents 
on it. 

[0045] An advantage of the present invention is that it makes it possible to determine 
quantitatively the age of a product over periods of short duration. 

[0046] Another advantage of the invention is that its implementation does not require visible 
marks on the products. 

[0047] Another advantage of the invention is that the age determination can be combined 
with an identification of the product or possible contamination. 

[0048] Another advantage of the invention is that the age determination can be combined 
with the time-dependent marking of a product (e.g., during the manufacturing cycle) or person 
(e.g., at the entrance of a building or at an airport gate for security reasons). 

[0049] Another advantage of the invention is that it can be used for the sealing of a product. 
The sealing is achieved by introducing into an impermeable seal, attached to or containing the 
object, at least two volatile components, said components being chosen for containing the 
respective first and second scents to which the system is responsive. The reference scent ratio 
(To corresponds to the scent strengths ratio when sealing. If the seal has been broken some of the 
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volatile components will have leaked out so that a current scent ratio a should differ 
substantially (by more than an acceptable error s, i,e,, \ a-<j^ |> £:) from the provided value for 

an intact seal w^hich should be close to the initial value at instant zero (reference scent ratio ). 

[0050] The practical implementation of the invention using known tools (scent sensors, 
computerized devices) is within the ability of someone with ordinary skills in the art. 

[0051] Having thus described at least one illustrative embodiment of the invention, various 
alterations, modifications and improvements will readily occur to those skilled in the art. Such 
- alterations, modifications, and improvements are intended to be within the spirit and scope of the 
invention. Accordingly, the foregoing description is by way of example only and is not intended 
to be limiting. The invention is limited only as defined in the following claims and the 
equivalent thereto. 
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